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ABSTRACT

Forty-eight Yorkshire sired cross-bred pigs were sorted by size and weight
at weaning and placed into the nursery facility at the Knoxville Experiment Station,
Louisville, Tennessee. They were separated into three treatment groups each

containing 16 individuals. Treatment A which was considered the "rooting group"
received two heavy plastic Boomer Balls® per pen, each measuring 25.4 cm in
diameter.

Treatment B, the "oral group" was provided with three lengths of chain

suspended from a notched 2" by 4" (nominal) lumber which was suspended
across the center of the pen. Each length of chain was 55 cm in length and there
was approximately 20 cm distance between each chain. This type of enrichment
provided the animals with an opportunity for a redirected oral behavior.
Treatment C was the control group and received no enrichment.

All

animals were provided a standard ration of 19% protein. Each pen had unlimited
access to water from nipple waterers.

Three variables were quanitfled: weight gain, physiological indicators of
stress as measured by cortisol binding globulin (CBG)and behavioral indicators of
stress as measured by oral manipulative behaviors and passive sitting. These

variables were quantified on day 24 of the study, and on day 42 of the study. At
the same time, each animal was bled using vena cava puncture and plasma was
later analyzed for the presence of Cortisol Binding Globulin (CBG). Throughout
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the six week trial period the animals were videotaped for six hours daily and tapes

were analyzed for the occurrence of behavioral indicators of stress.

Weight gain was unaffected by treatment when using beginning weight as a
covariate. There was a highly significant difference (p < .0001) in the frequency of
behavioral indicators of stress between the enrichment groups (A & B) and the

control group (C). There was no difference between treatment groups in the
amount of cortisol binding globulin (CBG) present in the plasma, but there was a

significant difference (p < .05) between the amount of CBG present across
treatment groups between different time samples.

Although the results of this study cannot confirm the effect of environmental
enrichment on weight gain or cortisol binding globulin, there is support for the

hypothesis that environmental enrichment can affect the development of growing
pigs, and that the type of enrichment may be important as well. Further, the use of
behavioral indicators of stress is supported as an affordable and efficient method
of assessing animal welfare.
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1. INTRODUCTION

Interest in the issues concerning animal welfare has not been a recent

development. As long ago as the late 1800's legislation was enacted to help
protect animals from blatant acts of cruelty. Many humane and anti-cruelty
societies were formed during that time. Earlier in the century, legislation was

passed which related to the transporting and humane slaughter of production
animals.

Likewise, during this century, it became necessary to invoke an

increased use of confinement facilities in order to protect animals from the

elements and meet the requirements of anti-cruelty legislation. Interestingly, it is
concern over the intensity of these housing systems which is causing some of the
greatest concern in animal welfare today.

In particular, with regard to swine, intense housing systems appear to be
responsible for numerous welfare infractions. It is indeed the responsibility of
today's swine producer to address these issues in a timely fashion. In order to
accomplish this, it is necessary to first understand the scope of the problems
caused by these intense housing situations. The objective of this research was to
define some of the more serious problems, and propose potential ways to address
them as well. The question often arises as to why we need to address these
issues at all, since, the animals are well fed and their climate is controlled for
temperature and precipitation.

A major goal of modern pig rearing methods today is to constantly improve

productivity. However, the resulting housing conditions used in the attainment of
that goal are becoming further and further removed from the animals original way
of life (Mauget, 1981). The situation of animals kept in confinement, regardless of
whether or not they are domesticated, differs considerably from their wild
ancestors.

The permanent presence of human beings, the lack of natural

predators or rivals, no need for the defense of territory, regulated feeding and
perhaps most important, artificial selection by man, all serve to shape the behavior

of agricultural animals (Bogner, 1981), and all are potential challenges to the
animal's welfare.

As for the assessment of welfare in animals, one of the more common

approaches used today is the assessment of its opposite, i.e. stress (Dantzer &
Mormede, 1981). This has been especially true while physiological criteria are
used as determinants of stress there are, as yet, no physiological determinants of
welfare.

A state of well-being in pigs must exclude the animal from suffering from
pain and fear. The expression of these states has been defined by GrauvogI
(1972)(Table 1). According to GrauvogI, pain in the ethological sense covers the
total expressions by the animal of attempts to cope with disturbed well-being.

TABLE 1: EXPRESSION OF PAIN AND FEAR BY PIGS

Source: Grauvogl, A.,"Parameters for Assessing Welfare, Ethological Criteria." In: The Welfare ofPigs Martinus Nijhoff,
Boston, 1972.

Expression of fear

Expression of pain

u>

1. Shrieking

1. Increased frequency of defecating and urinating

2. Inaudible groaning

2. Trickle of urine (caused by fnght)

3. Clenched jaws

3. Pale skin, bristling hair, trembling body

4. Increased blood circulation and breathing rate

4. Increased frequency of heart beat and increased breathing
rate

5. Curvature ofthe body

5. Changing color

6. Disturbed movements

6. Dilated eyes, nose and mouth

7. Thrusting out movement of painful legs

7. Moderately loud vocalization

8. Animals lying close together to combat feeling cold

8. Unnatural huddling together and climbing on other animals

9. Drowsiness

9. Displacement activity (suckling another animal, message
of the udder)

0. Motionless eyes and stiff ears.

10. Alienated behaviour, e.g. panic flight in the sense ofthe
animal 'losing its head'.

Fear, in the sense of a challenge to welfare, is defined as the animal being
exposed to acute environmental stress leading to conflict situations which cannot

be counteracted by the behavior patterns of the animal, in order to affect a change
in the situation, this is capable of giving rise to enormous tension which justifies the
assumption that fear is a special form of pain.
Another ethological criterion for assessing the welfare of animals which has
gained much attention is that of abnormal or aberrant behavior. All behavior

patterns which differ from the norm for a species can be categorized as disturbed

behavior. It has been shown that pigs kept in intensive stable systems exhibit
disturbed behavior in all stages of development (Buchenauer, 1981). A partial list
of these behaviors is illustrated in Table 2.

The objective of this research was to investigate the effect of the addition of

different types of environmental enrichment had on the behavior of nursery pigs in

an intense housing situation, and to quantify the effects which might be
forthcoming by using measures of production, physiological and behavioral
indicators of stress.

TABLE 2: ABNORMALITIES IN THE BEHAVIOUR OF PIGS

Source: Buchenauer, D.,"Parameters for Assessing Welfare, Ethological Criteria." In: The Welfare of Pigs Martinus Nijhoff,
Boston, 1981.

Sucking
piglets

Early weaned
piglets

Fattening
pigs

X

X

X

Cannibalism

X

X

Belly nibbling

X

Tongue rolling

X

X

X

Rubbing nasal bone

X

X

X

Rubbing snout

X

X

X

Hyperactivity

X

X

X

Type of abnormality
Tail and ear biting

Massage of anus

Sows

X

Vacuum chewing

X

Bar biting

X

2. OBJECTIVE

Two main research questions were addressed:

What effect, if any, will environmental enrichment have on the

production measures (weight gain), physiological Indices of

stress (CBG), and

behavioral

Indices

of stress (oral

manipulative behaviors)?

What effect. If any, will the type of environmental enrichment
have on these same variables?

A model illustrating the research questions is found in Figure 1.

ENVIRONMENTAL

WEANING

ENRICHMENT

UTTER MIXING

BALLS, CHAINS, NONE

OVERCROWDING

(+)

-

STRESS

i

PRODUCTION
MEASURES
WEIGHT GAIN
FEED EFFICIENCY

PHYSIOLOGICAL
INDICATORS
OF STRESS
CORTiSOL BINDING

GLOBULIN(CBG)

BEHAVIORAL

INDICATORS
OF STRESS
ORAL MANIPULATIVE)

FIGURE 1: THE EFFECT OF ENVIRONMENTAL ENRICHMENT
ON PRODUCTION AND STRESS IN GROWING PIGS
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3. LITERATURE REVIEW

Pigs in Nature

Pigs are the oldest non-ruminant animals alive today. They bear litters of

precocial young and build and maintain nests which may be either communal or
individual in nature. They are gregarious, even-toed ungulates belonging to the
class Mammalia, order Artiodactyla, suborder Nonruminantia, and family Suidae

(Old World Pigs): comprised of two subfamilies: Suinae (true pigs) and Babirusa
{Babyrousa babyrussa).
Eurasian

Wild

Members included in the subfamily Suinae are, the

Boar {Sus scrofa), the

Giant

Forest

Pig

{Hylochorus

meinertzhageni), the Bearded Pig {Sus barbatus), Celebes or Warty Pig {Bus
celebensis), the Javan Pig {Bus verrucosus), the Bush Pig {Potamachoerus

porous), the Warthog {Phacocoerus aethiopicus), and the Pygmy Hog {Bus
salvanius)(Schmidt 1990). Domestic pigs found in Europe and the United States
are believed to originated from the Wild Boar {Bus scrofa scrofa), the Warty Pig
{Bus celebensis), and the Banded Pig {Bus scrofa vittatus)(Hemmer 1990). Due
to the fact that the pig is an omnivore and possesses a simple stomach, it has
been able to inhabit a large portion of the world.

Further, human aided

introductions and the lack of many natural predators have also been cited as
reasons for their tremendous success of colonization rate. In the United States for

example, the only known predators are the wolf {Canis lupus), the alligator

{Alligator mississippienisis) and the mountain lion {Puma conoolor) (Nicholson
1987).

Morphology. One of the most obvious morphological characteristics of
pigs is their elongated snout. They use their snouts to aid them in their search for
food because it enables them to root above and below the surface of the earth.

Additionally, another very conspicuous characteristic of male pigs is their tusks.
These tusks can be used for a variety of reasons such as dissuading predators,

searching for food (rooting), and for altercations with conspecifics. The tusks may
grow as long as 23 cm in length and it is believed that they may also be used by
some males in the marking of trees belonging to their territory (Nicholson 1987;

Schmidt 1990).

The primary sensory modality for the pig is that of olfaction, they tend to rely
on smell first and then on hearing (Ewbank and Meese 1971). Although their
eyesight is generally poor when compared to that of humans, with sufficient light
they have adequate vision and are capable of discriminating colors (van Putten
1980). It is believed that pigs identify conspecifics and mark their personal territory

through the use of several external glands which emit pheromones (Signoret et al.,
1969). The range of their hearing is between 42 Hz and 40.5 kHz for thresholds of
15 to 72 dB (Heffner and Heffner 1990,1992). They vocalize with a total of 15
separate noises which include barking, squealing and grunting sounds (Fraser
1978).

The pig has no sweat glands other than those on the nose and on the pads
of the feet. Therefore, in order to thermoregulate it must pant and/or wallow in
streams or mud baths. These mud baths serve an alternate purpose of providing

the animal with protection from parasites and insects (Nicholson 1987). Pigs do not
have a heavy hair coat and therefore will lie in very close contact while sleeping or
resting to further aid in thermoregulation (Fradrich 1974). Generally, pigs are
diurnal in fall, winter and spring and nocturnal during the hot summer months. In

areas where they are hunted by humans however, pigs have become nocturnal
year round (Singer et al. 1981).
Habitat. Individual male, seasonal home ranges have been studied in the

Great Smoky Mountains and were found to be approximately 3-4 km^ (Singer et al.
1981: Mayer and Brisbin 1991). Swine are very adaptive animals and as such are
found in all types of habitats, from deciduous forest to swamps. Their generalist
diet allows them they opportunity to inhabit many types of terrain and to fare quite
well in many different climates.

Social patterns. The basic family unit of the pig is referred to as a drift and
most often consists of one to four older females, their young and some of the

juveniles from the previous year (Graves 1984; Fradrich 1974; Schmidt 1990).
Older males remain solitary except during the rut and young, puberal males will
form bachelor herds (Fradrich 1974; Schmidt 1990). The sow usually gives birth to

a litter containing 4-13 piglets each weighing between 3-4 lbs (Schmidt 1990).
Just prior to farrowing the sow will leave the drift and construct a nest by rooting
9

out an area in the ground and lining it with twigs, leaves and grasses (Graves
1984; Fradrich 1974; Nicholson 1987; Schmidt 1990).

In order to reduce

aggressive behavior in subsequent nursings, the piglets will form a stable nursing
order shortly following birth. At this time, each piglet will gain control of a specific
nipple (McBride 1963; Newberry and Wood-Gush 1986). The piglets will remain in
the nest until they are 6 to 10 days of age in order to remain protected from

predators and the elements as well (Jensen and Redbo 1987; Fradrich 1974;
Schmidt 1990). Upon leaving the nest the piglets will follow the sow and also
begin to ingest solid food (Fradrich 1974).

Upon leaving the farrowing nest the sows and their young will rejoin the
drift. At this time the sows may communally nurse and take turns watching over
each others young (Eisenberg and Lockhart 1972). The piglets will be gradually
weaned by the sow at approximately three months of age (Stolba 1982; Jensen
and Recen 1989). If there is a large availability of resources the sows may
rebreed and bear another litter in the fall.

Dominance. It is generally accepted that the formation of the dominance
hierarchy in swine is formed rapidly over one or two days (Szekely et al., 1983). In
many species (i.e. cattle, sheep) the dominance relationship is one directional in
that the submissive animal does not retaliate. In swine this relationship is bi
directional (Belharz and Cox, 1967). The hierarchal type of relationship observed
is similar to the "peck order" in fowl (McBride et al., 1964).

McBride (1958)

suggested that there were several behavioral components to a social order which
10

relied

on

a

dominance structure.

These would

Include

Intra-specific

aggressiveness, submission signals, and an acceptance of submission.
Feeding.

Pigs are omnivorous and follow a generalist diet. This fact is

believed to have contributed greatly to their successful population of various
regions of the world. In nature the diet of the pig is comprised primarily of acorns,
nuts, tubers, fruits and other vegetation, truffles, earthworms, voles, eggs, young
birds and mammals, and even some larger animals who are unable to escape

(Henry and Conley 1972; Howe et al. 1981: Nicholson 1987; van Putten 1980).
These food items are obtained by the animal through long hours of foraging and

rooting.
Allelomimetic behavior, (social facilitation), is also a primary component in
the feeding behavior of pigs.

That is that the feeding of one pig stimulates the

feeding of another(Hsia and Wood-Gush 1982, 1984a, 1984b). This phenomenon
is seen in suckling piglets (Ladd and Albright, 1992). Almost all aggression in pigs
which are in stable social groups is accounted for during feeding and agonistic
interactions are almost always initiated by dominant individuals (Ewbank and
Meese, 1971; Csermely, 1989; Csermely and Wood-Gush, 1986, 1987).
Frequency and type of feeding will influence the level of feeding aggression. Sows
which are fed ad libitum are less likely to engage in agonistic encounters than
those that are on a restricted feeding schedule (Petherick 1989).
Exploration and rooting. It is a well established fact that pigs raised
under conditions with access to natural substrates (grass, earth, woods) will spend
11

a great deal of their time exploring and rooting (Signoret et al. 1969). The snout is

the primary tool for this animal (Van Putten 1979) and the pig will use his snout in
the seemingly never ending search for food (Graves 1984).
Rose and Williams (1983-84) in their study of pigs in Papua New Guinea,
demonstrated that pigs were seen to forage and explore 82.3% of the time they

were observed (0800h -1500h). Sows which were moved into a new area spent
59.8% of their time rooting, grazing, exploring and locomoting. It is generally
accepted that sows and young pigs can effectively control their own well-being
behaviorally if their environment provides them with the opportunity to root and
explore (Wood-Gush 1985; Stolba and Wood-Gush 1984; Dellmeier and Friend
1991).

Domestication

It is believed that pigs were domesticated between 5,000 and 10,000 years
ago (Zeuner 1963). It is only within the last 40 years however that they have been
maintained in intensive housing systems. True pigs evolved approximately 36
million years ago during the Oligocene Period (Graves 1984).

Domestic pigs which have been reared to adulthood under intense housing
conditions when released to a semi-natural habitat will usually adapt and establish
behaviors which are quite similar to those of their wild ancestors (Jensen 1986,
1988; Jensen and Recen 1989; Jensen and Redbo 1987; Peterson et al. 1990;
Roberts et al. 1987; Stark et al. 1989; Stolba 1982; Stolba and Wood-Gush 1980,
12

1984; Thorpe 1965; Wood-Gush 1985). This would seem to indicate that the

impact of domestication on the pig has been minimal. This is further substantiated
in studies which have shown that domestic pigs are successful in reverting back to

the wild in as few as two generations (Mayer and Brisbin 1991). At present there
are well over one million feral pigs in the United States in as many as 19 states
(Mayer and Brisbin 1991).

Welfare

The defining of the term "animal welfare" has long been the topic of much

debate among ethologists, producers and animal scientists. To date, most of the
criteria used to assess the welfare of animals have been based on showing some

evidence of change (Barnett & Hemsworth 1990). However there is a continuing
debate over the interpretation of these changes.
Concerns over animal welfare were initiated in the 1960's in the United

Kingdom. The Brambell Committee was formed to produce a report addressing
the issues of animal welfare.

As a result of this the Farm Animal Welfare

Committee (FAWC) was formed and consequently published the following

guidelines for ensuring adequate animal welfare on farms. These guidelines have
since become known as the "New Five Freedoms"(Webster 1989).

1. Freedom from thirst, hunger and malnutrition - by ready
access to fresh water and a diet to maintain full health and

vigor.
13

2. Freedom from discomfort - by providing a suitable
environment including shelter and a comfortable resting
area.

3. Freedom from pain, injury and disease - by prevention or
rapid diagnosis and treatment.
4. Freedom to express normal behavior - by providing
sufficient space, proper facilities and company of the
animal's own kind.

5. Freedom from fear and distress - by ensuring conditions
that avoid mental suffering.

The first three of these freedoms are considered to be the traditional

freedoms, in fact, it is these freedoms that most producers today would use to

justify the intense housing systems employed under current management
practices. The last two freedoms, are a reflection of the current trends seen in the
issue of animal welfare. In fact the last freedom mentioned would intimate that the

animal has mental experiences and feelings which should be the primary concern
when addressing issues of welfare(Duncan and Petherick, 1991).
Comfort and well-being involve subjective states of the animal. It Is not

always a question of whether the environment is a physical threat to the animal,
but whether the animal perceives that the environment is threatening (Gonyou,
1986). There is a great challenge to the scientist to be able to measure and
assess comfort and well-being. A primary reason for this perceived difficulty is the

fact that an assessment of this type would involve the use of subjective states and
as such, measurement is not possible.
14

Subjective states can. however, be

evaluated through the use of careful and innovative experimental design (Dawkins,
1980).

The pig as a model for welfare. There is a growing concern among some

ethologists and welfare supporters that the modern pig rearing systems of today
have been developed without considering the behavioral needs of the animals.
Although overall pig production may have increased, it seems to have done so at
the expense of individual welfare.

The pig has been used extensively as an animal whose welfare has been

impaired by the use of the intensification of farm animal husbandry (Van Putten
1989). Because of the large variety of housing systems and the many behavioral
abnormalities, this species is considered a typical victim of intense housing. Many

stages of the pigs' life requiring different forms of housing need to be considered
when talking about the welfare of the animal(Van Putten 1989).
In 1964 Ruth Harrison brought the attention of the world to the fact that

farming had become a bioindustry. However, it was 10 more years before the
issue of welfare was openly discussed in scientific forums. Pigs in particular suffer

greatly from the detriments of an intense housing system.

For example,

locomotion problems are quite common in intensive housing systems.

Approximately 50% of all slaughter pigs suffered from some sort of leg weakness
(Backstrom,1973). In closely confined sows aberrant behaviors such as bar biting
were quite common (Cronin and Wiepkema,1984).
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The pig has been chosen as a model for animal welfare because welfare is
associated with the individual animal and pigs are considered individuals. There

have been many negative consequences for both the pig and the farmer as a
result of intense housing systems. Locomotor problems for the pigs and lung
problems for the farmer to name a few (Van Putten 1989).
Stress as an indicator of welfare.

One of the major physiological

reactions of an individual to stress was characterized by Seyle in 1950. The

general adaptation syndrome is characterized by the release from the anterior
pituitary gland of adrenocorticotrophic hormone (ACTH) which will in turn activate
the release of corticosteroids from the adrenal cortex.

The corticosteroids

amplified the metabolic and vascular effects of catecholamines (Dantzer &
Mormede, 1981).
One of the primary aspects of the welfare issue with regard to pigs and the

intense housing systems in which they are maintained, is the concern with the
causation of "stress". The following definition of the term "stress" will be used:
The state of adrenal activation stimulated by the influence or
detection of an environmental challenge to the body's
homeostatic mechanisms that cannot be accommodated

within the normal metabolic scope of the animal (Seyle,1950)

According to Moberg (1985), stress reactions can have serious negative
effects on the animals' reproduction, resistance to disease and growth. Immune
response has been shown to be suppressed in pigs as a result of early weaning

16

(Blecha and Kelly, 1981), mild restraint (Westly and Kelly, 1984) and tethering
(Barnettetal., 1982/83).

It has long been accepted that pigs are extremely susceptible to stress.
These stressors can be either physiological or psychological in nature. One of the

most vulnerable times for pigs to succumb to stress is that of the weaning and
intermixing of litters (Blecha et al., 1985). In much the same way that stressors

can be either physiological or psychological in nature, likewise the response of the
animal to stress can be either physiological or behavioral.

Physiological indicators of stress. One of the main responses to stress

in the body is that of the activation of the Hypothalamus-Pituitary-Adrenal (HPA)
which ultimately results in an increase in corticotropin releasing hormone

(McGlone et al., 1993). Studies have shown that stress results in elevated
corticosteroids in pigs in both the short and long term (Aberle et al. 1974:Barnett et

al. 1982/83). One aspect of elevated corticosteroid levels is that of an increased
rate in gluconeogenesis.

Barnett et al. (1982,83) used a study of the effects of pleasant versus

unpleasant handling to gain insights into the effect of stress on substrates and
metabolites of gluconeogenesis as well as that of cholesterol. They reported that
a chronic stress response in the pig results in elevated levels of plasma protein
and glucose and lower levels of plasma urea.

Pigs have been shown to have an increase in disease susceptibility, as well
as an impairment of immune function due to their exposure to many environmental
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stressors (Kelley, 1980, 1985).

Many

studies have addressed the issue of

determining some of the physiological effects of stress on pigs. Blecha et al.,
(1985) reported that the weaning and intermixing of pigs may lead to elevated
cortisol levels. The immune response is also adversely affected by stress and may

be used to measure a physiological response to stress (Moberg, 1985; Blecha and
Kelley, 1981; Barnett et al., 1982/83).

In light of the aforementioned studies, it becomes quite clear that when

designing housing systems a thorough evaluation of the stressors Inherent to
various types of housing systems is of importance and needs evaluation.
Use of competitive binding assay. Competitive protein binding assays

have had a tremendous influence on the modern clinical laboratory. Initially,
clinical testing was limited to the measurements of substrate in gram, milligram,
and sometimes micrograms. The advent of the RIA (radioimmunoassay),
allowed, for the first time, measurements of substances which might be present
in biological fluids in extremely minute amounts.

The combination of both

radioisotopes and specific high affinity binding proteins, such as antibodies,
enabled

the

accurate

measurement of physiological concentrations of

substances at the microgram, nanogram, and picogram levels (Travis, 1979).
In assays such as the Estrogen Receptor Assay (ERA), the binding
capacities, bound per gram of tissue containing the specific receptor, are

measured in femtomols (10"^® M). The most important development of the
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radioligand assays however, was that it allowed for these determinations to be

made quickly, easily, and economically. Routine and specific clinical analysis of
hormones, vitamins, and other minutely occurring substances became possible
with the advent of these assays (Travis, 1979)
In

1960, Berson

and

Yalow first introduced

the technique

of

radioimmunoassay for the hormone insulin. What they reported was that the

addition of increasing amounts of insulin to a mixture containing a fixed amount

of antibody (in excess) and labeled antigen (tracer) caused a gradual decrease
in the amount of tracer which was bound to antibody although the absolute
amount of bound insulin increased. This is the basis of competitive protein
binding theory. Yalow and Berson realized that binding of labeled antigen had a

quantitative relationship to the amount of unlabeled insulin present when the
concentration of antibody and labeled antigen in the reaction mixture were kept
constant(Yalow & Berson, 1971).
Theory of Ligand Binding Assays. There are many names used to
describe those assays which are based on the techniques of Berson and Yalow.
Radioimmunoassay, displacement analysis, saturation analysis, competitive

protein binding, and radioligand assay are all names of assays in which
unlabeled and labeled molecules of the same species compete for a limited
number of sites on a specific binding protein. Because there are so many names
used it may cause confusion to those unfamiliar with this type of work. A prime
example is the use of RIA as an almost generic term for all assays which use a
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binding protein and a radio-labeled binding agent {ligands), regardless of

whether they are describing a nonimmune or an immune system radioligand
(Travis, 1979).

Any saturation or equilibrium analyses which uses a binding protein and
whose labeled or unlabeled ligands compete for limited binding sites are
correctly termed "competitive protein binding assays" or CPB. On the other

hand, if the binding protein is an antibody, and the label is a radioisotope, the

CPB assay should then be termed a "radioimmunoassa/. It is the use of the
competitive protein binding assay, specifically the enzyme-linked immunosorbent
assay (ELISA), to measure Cortisol Binding Globulin that is discussed.
Behavioral indicators of stress.

One of the main considerations for

employing the use of behavioral measures to quantify levels of stress, is the cost.
Physiological measures are difficult to obtain and expensive to measure in piglets
(Dybkjaer, 1992).

Moberg (1985) established that animals do respond

behaviorally to stress and therefore this may be a more useful way of measuring
stress under certain housing conditions. The idea that an animal's behavior may
be used to assess its welfare is appealing. If an animal behaved a certain way
when it was suffering, its welfare could be assessed by simple observation without
the need for special techniques and without interfering with it (Duncan & Dawkins,
1983). One of the obvious problems associated with the use of behavior as an
indicator of stress is the difficulty in quantifying those behaviors. It is for this
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reason that more research is needed In the area of behavior to help alleviate some
of these problems.
The use of abnormal behaviors Is one method which has been used to

determine an animals welfare through the use of behavioral analysis, however the

Immediate question which arises Is how much abnormality must be present before
the animal Is considered to be suffering? If one were to go to the extreme there
would be the cases of self-mutllatlon such as toe-peckIng In chicks, and mass

hysteria, both of which may result In serious Injury or death. Most people would
tend to agree that animals In these situations may be said to be suffering (Duncan
& Dawklns, 1983).
Other methods which Involve the use of behavior In determining the welfare

of animals revolve around the concept of using conflicting scenarios. One group of

animals Is placed Into a relatively "natural" setting and the other group In placed In
a more Intensive setting. The assumption being that the animals In the more

"normal" setting will exhibit behavior patterns which are more closely related to
what Is expected In the wild. Whereas the animals In the Intense setting would be
more likely to exhibit abnormal behaviors (Duncan, 1981). In many Instances,
animals are subjected to situations which have been previously established as
frightening or stressful for that species.
Behavioral Indicators of stress which may be obsen/ed early enough In life

may be used as valid predictors of that Individuals state of health before that health
Is adversely affected (Dybkjaer, 1992). Weaning and Intermixing have been
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demonstrated to be one of the most stressful times In the life of the commercial pig

(Blecha et al., 1985; Friend et al., 1983; McGlone, 1985).
Abnormal behavior as an indicator of stress. There have been many

attempts to define abnormal behavior (Fraser & Broom, 1990; Kiley-Worthington,
1977). It is believed that behaviors differing in type and frequency from, or not
seen in, populations living under natural conditions can be considered abnormal.

Additionally, some of these behaviors are thought to be either maladaptive and/or
non-functional (Fraser & Broom, 1990).

In the past stereotypic behaviors have been the primary focus in most
behavioral studies dealing with perceived stressful situations with animals

(Lawrence and Terlouw, 1993).

Broom (1983) made the suggestion that

stereotypies may be an indicator of poor welfare and for this reason there has
been an effort to tie stereotypical behavior to stress (Wiepkema, 1987).

Impoverished Environments

Von Uexkull (1921) first introduced the concept of an animals' "Umwelf,
that is the animals' perception of their own world. Even though two animals may
share the same environment, they may have totally different perceptions of that
environment based on the differences which may exist between their respective
sense organs.

According to Van Rooijen (1981), husbandry systems may be viewed as
models of the natural environment. The question then arises at what point may
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the environment be considered "impoverished"? Another question which has been
raised is whether or not we cause an animal to suffer by depriving it of something

which may be found in its environment in a natural context, but which in fact that
animal has never known.

This latter question refers back to the concept of innate behavior.
Generally, an innate behavior is one that is considered to be genetic in nature.

Bostock (in Wood-Gush et al.1981,p.52) uses the example of genetic selection for
a wingless chicken. The question is, how can one be sure that they have not
interfered with the animals ability to experience a full life because the bird may still

have an innate tendency to fly? Van Rooijen (1984) has mentioned, as have
others (Huxley 1970), that the deprivation of allowing an animal to perform an
innate behavior may indeed be a cause of suffering. Many ethologists today
however, believe that innate is an incorrect term when applied to behavior
because all behaviors are phenotypic in origin.

Environmental factors such as impoverished environments and pen size
restriction have been shown to lead to increased incidences of aggression in pigs

(Schaefer et al. 1990). Alternatively, other studies have shown that the addition of
enrichment to the environment of intensely housed pigs have reduced the amount

of aggression seen in these animals(Van Putten and Dammers 1976; McGlone
and Curtis 1985; Cronin et al. 1991).
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Environmental Enrichment

The concept of environmental enrichment follows quite closely the concepts
of "stress" and "animal welfare" in that it is a phrase which

possesses many

different definitions depending on the context as well as the author. Types of
environmental enrichment may vary in complexity from single stimuli to quite
intricate environmental features within a new housing system (Newberry 1993).
Although there has been a lack of consistency in the quantification of the
effect of enrichment on an environment, it has been generally agreed upon that
enrichment implies a positive construct. For example, pigs residing in indoor pens
with minimal contact with humans were much more excitable than those living
outside with frequent contact with people (Pearce et al., 1989).

Environmental enrichment can either add environmental features or change
their method of presentation in an attempt to vary a captive animals environment
(Chamove et al. 1982; Chamove 1989; Hubrecht 1993). Grandin (1988) and

Pearce et al. (1989) reported that enriching a pigs environment with "play objects"
will affect neural development as well as behavioral traits.

Lorenz (1963) first described the concept of providing harmless channels
for the redirection of aggressive behavior in animals to avoid injury of the animal or
its conspecifics. It was also found to be of the utmost importance to provide an
opportunity for those animals which were more submissive to avoid aggression
(Vogel, 1985; McGlone and Curtis, 1985). Many researchers have shown that

from the perspective of animal welfare, the provision for exploratory behavior is an
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excellent measure of social well-being (Alcock, 1975; Kilgour and Dalton, 1983;
Pearce et al., 1989).
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4. MATERIALS AND METHODS

Animals and Facility

Forty-eight Yorkshire sired crossbred pigs were sorted by size and weight
into six pens containing eight individuals each. All subjects were maintained under
normal husbandry practices within industry standards. Animals were vaccinated

for Erysipelis (EVA) and Pneumonia (Pleuraguard®) at weaning and received
treatment for parasites (Atgard®) at day 14 and day 28 of the study.
All subjects were fed a corn-soybean meal ration containing 19% protein.
They were fed ad libitum, consistent with normal industry practice. All animals had
access to water ad libitum from nipple waterers.
Animals were housed in the swine nursery located at the Blount Farm, a
division of the Agricultural Experiment Station of the University of Tennessee at
Knoxville. Animals were maintained in pens measuring approximately 1.23 m X
2.46 m with eight subjects per pen in all groups.

Flooring in the pens was

expanded metal throughout with drainage into a scraped pit evacuation system.
Temperature in the nursery unit was maintained at 36 C for the first three
weeks of the trial and then varied with the outdoor temperature for the remaining

three weeks. This study was conducted during the last three weeks of January and
the first three weeks of February. Lighting in the nursery was maintained on a
schedule of 12 hours of light and 12 hours of darkness throughout the study.
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Environmental Enrichment

Animals were separated into three treatment groups each consisting of two

pens of eight pigs per treatment. Treatment A occupied pens one and two and
was provided with two Boomer Balls® per pen. These balls were heavy gauge

plastic and measured 25.4 cm in diameter and weighed approximately 1.1 kg.
Because of the diameter of the balls used, the animals in this treatment group had

ample opportunity to root. Due to the large diameter, they were unable to grasp
the balls in their mouths and because of this were only able to move the balls by

placing their snout beneath it and pushing with an upward motion similar to that
seen in rooting.

Animals in treatment B occupied pens three and four and were provided

with three lengths of metal chain 55 cm in length. These chains were suspended
from sections of 2"x 4"(nominal) lumber which were notched on either end to allow
them to be fitted across the center of the pen. There was approximately 50 cm of
distance between each of the chains to allow the animals room to avoid the chains

if they so chose. Because of the way the chains were suspended, the only option
for the animal in terms of manipulation of the chain was to push the chain with its
head or snout or grasp the chain in its mouth. The animals in this group were

provided with ample opportunity for redirected oral behavior but not for rooting.
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Treatment C occupied pens five and six was the control group receiving no
enrichment.

Enrichment was provided for the animals on a 24 hour rotating basis.
Animals had access to the enrichment devices every other day. This is in keeping

with the results of previous studies which have shown that novelty is a significant

issue with respect to the interest animals, and in particular pigs, show toward
provided enrichment(Newberry and Wood-Gush, 1992).

Experiment 1

Production. Animals were weighed three times during the study. Initial

weights were taken immediately prior to the subjects entering the nursery facility
from the farrowing house. Secondary weights were taken on day 24 of the study
and tertiary weights were recorded upon moving the subjects from the nursery
facility to the finishing floor on day 42 of the study period.
Weights were recorded to the nearest tenth of a pound and the average

daily gain (ADG) was determined for each animal. The ADG, average daily feed
intake (ADF) and the feed efficiency (FE) were then analyzed using the ANOVA
procedure to determine any differences between groups. Additionally, a post hoc
analysis using Bonferroni technique was used to detect any differences between
the types of enrichment.
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Experiment 2

Physiological measure of stress. At the time of weighing all animals
were bled using vena cava puncture. Approximately 10ml of whole blood was
drawn from each animal and placed in NH4 - Heparin AH/10 tubes (Sarstedt, Lot.

no. 2019). The blood was taken to the lab, centrifuged at 1500 rpm for 5 minutes
and plasma was removed and placed into 2 separate vials for freezing. All plasma
was stored at -10 C within 2 hours of being drawn.

Plasma was analyzed using microwell ELISA immunoassay.

ELISA

(Enzyme-Linked Immunosorbent Assay) offers a means of detecting antibodies or
antigens which are bound to a solid support such as proteins. Antigens are
immobilized in microwells and probed. This technique relies on a labeled antibody

(conjugate) as the signalling molecule. It is this conjugate which initially detects
the protein bound to the solid phase.

The enzyme labeled reagents are then detected using the appropriate
chromogenic substrate. This substrate is then converted to a colored product at
the reaction site and it is the intensity of that color which is produced which is

proportional to the amount of measured antigen bound to the surface. A

Competition Assay was then performed using microwell ELISA which was read
with an optical density reader. This method was used to determine the amount of
Gortisol Binding Globulin present in the plasma.

Each plate used in this assay contained 96 micro wells.

For this

experiment, each plate contained four blank wells, six standards with three
29

replicates each, six wells containing 100% antibody solution, and 16 samples of
serum from the test animals using two dilutions of two wells each. Each treatment

group was represented equally on each plate. There were three plates used for
each time sample and a total of nine plates in all. A map of the ELISA plate is
presented in Figure 2.

A Competition Assay was then performed using microwell ELISA which was
read with an optical density reader. This method was used to determine the
amount of Cortisol Binding Globulin present in the plasma.

First day of assay. On the first day of the assay, dilutions were made of
each sample using a 1:20 dilution. 7.5 ul of serum is added to 142.5 ul of diluent.
Diluent contained ICQ ml of 10% BSA, 90 ml lOx PBS, 5 ml 10% Tween 20 and 5

mg Bromphenol blue. All of this was combined with HjO to a total of 1 L.
Working antibody solution was prepared using stock antibody solution of
rabbit anti-CBG serum obtained from a rabbit injected with CBG purified from
porcine plasma. Antiserum and diluent were combined for a total of 5 ml of
solution in a 1:100 dilution. This antiserum was stored frozen in 250 ul aliquots
prior to use. Working antibody solution was prepared by making a further 1:350
dilution of the antiserum for a total dilution of 1:35000 of the original antiserum.
Working antibody was added to the standards and the samples as follows;
150 ul of diluted anti-CBG with each diluted sample, an equal volume of diluted
anti-CBG with each of the standard dilutions, and an equal volume of diluent with
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FIGURE 2: ELISA MAP

anti-CBG for each of the 100% wells. Each well had a total of 120 ul of final

mixture available. Mixtures are refrigerated at 10 C for a total of 72 hours before
being used.

Second day of assay. On the second day of the assay the mixtures were

removed from the refrigerator and 120 ul of mixture was loaded per well following
the map (Figure 2). CBG antigen coated plates were removed from frozen storage
and allowed to warm to room temperature.

Using a Finnpipette multichannel pipetter, 100 ul of each well on the sample

plate was transferred to the corresponding well on the CBG antigen coated plate.
This step was completed in < 4 min.
The antigen coated plate was incubated for two hours at 30 0 room
temperature in a humidified box with a cover plate. Following incubation the plate
is washed in a plate washer and tap dried thoroughly on paper towels.

Using room temperature diluent, a 1:1000 dilution of goat anti rabbit-IgG
alkaline phosphatase conjugate is made and 100 ul of conjugate is added to each
well using the multichannel pipetter. The plate is returned to the humidified box
and incubated for an additional two hours at 30 0 with a cover plate.
Following incubation, the plate is removed and placed in the plate washer
then tap dried on paper towels.
Substrate is prepared using 1 ml of diethanolamine buffer (5x), 4 ml of HjO,
and 1 tablet of p-nitrophenyl-phosphate for every 5 mis of substrate needed.
There is approximately 11 ml used for each plate. Each well was then filled with
32

100 ul of substrate using the multi-channel pipette and is then placed on the plate
reader at 405 nm.

After the initial reading, the plate was returned to the incubator and read at
60 - 75- 80 min. When the 100% antibody wells reach an optical density of 0.8-0.9

the reaction is stopped by adding 100 ul of 5% Na2 EDTA to each well. The
stopped plate is returned to the plate reader and the results are calculated.
A sample must have a 4% or less coefficient of variation between wells to
be considered an acceptable sample. Using this coefficient of variation 70% of the
samples were accepted.

Experiment 3
Behavioral measures of stress. Animals were videotaped for 6 hours

daily using a Panasonic Time Lapse Video Cassette Recorder (Model AG-6010)
beginning on day 3 of the study to allow for an adjustment period. Six video
cameras (Panasonic TV camera Model WV-80) were mounted to a wooden frame
which allowed the use of one camera per pen.

Cameras were hooked to a

sequencing unit (Panasonic Model WV-95) which rotated the image from camera
to camera for one minute intervals. Positions of the cameras and monitoring unit

are illustrated in figure 3. This setup allowed for ten minutes of videotape per pen

every

hour.
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FIGURE 3: ILLUSTRATION OF BEHAVIORAL APPARATUS

Tapes were then viewed for the following behaviors using a scan sampling
technique and samples were taken at one hour intervals on the days that the
subjects had enrichment available.

This allowed for 15 days of observation

providing six observations per pen per day for a total of 90 observations per pen.
The time sequences were the units of analysis for this experiment.
All occurrences were recorded of oral manipulative behaviors in each pen.
These behaviors had been established by Dybkjaer (1992) as being behavioral
indicators of stress. These behaviors were only recorded when they were directed
at a conspecific. They included belly nosing, tail chewing, ear chewing, face

chewing and general nuzzling of the head and or body with the snout. Any
behavior which was obviously aggressive in nature, or in which aggressiveness
could not be determined was not counted.

A behavior was counted as a single behavior when it occurred for more

than two seconds, and was directed at a single body part. If the body part
changed or the recipient of the manipulation was changed, it was counted as an
additional behavior.

All manipulative behaviors were counted in one category. Following the
data collection, a cumulative total of all manipulative behaviors was determined for

each treatment group. Cumulative and individual behavioral totals in this category
were analyzed using the ANOVA procedure to test for differences between the
treatment groups.
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Throughout the same time sequences, the tapes were also viewed for the
behavior of passive sitting. Passive sitting was also designated as a behavioral
indicator of stress by Dybkjaer (1992). All occurrences of this behavior were
recorded and at the end of the collection period a cumulative total was again

determined for each treatment group. An animal was said to be sitting passively

when it is sitting back on its haunches with front legs outstretched. The animal
must remain in this position for at least ten seconds and have no interaction with

conspecifics or enrichment devices during this time. Although the animal is awake,
it gives the appearance of being drowsy.
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5. RESULTS

Production Aspects

Experiment 1 tested the null hypothesis of no difference between the effect
of environmental enrichment on the physical development of the nursery pigs.

Additionally, it tested the null hypothesis of no difference between the types of
enrichment and the physical development of the subjects. A description of the
variables used in the production experiment is provided in Table 3.
The results which are illustrated in figure 4, indicate that the null hypothesis

of no difference is supported in both instances. Although there appears to be a

significant difference between the average daily gain (ADG) of the pigs with
Boomer Balls® when compared to the ADG of the other two groups these findings
are discounted when the variable beginning weight is included in the model. As

illustrated in Table 4, there is a significant interaction of beginning weight in this

model (p<.01). However, even with the introduction of the variable beginning

weight as a covariate, a tendency toward a significant effect may be seen in the
main effect variable of treatment(p<.12).
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TABLE 3: DESCRIPTION OF VARIABLES USED IN
PRODUCTION ANALYSIS

Variable: Beginning Weight(lbs.)
by: Treatment
Treatment

Group

Mean

S. D.

Balls

31.06

9.15

Chains

21.56

5.24

Control

26.00

1.46

Variable: 24-Day Weight(lbs.)
by: Treatment
Treatment

Group

Mean

S. D.

Balls

59.89

19.77

Chains

39.63

10.61

Control

46.34

4.99

Variable: 42-Day Weight(lbs.)
by: Treatment
Treatment
Group

S. D.

Average
Feed
(lbs)

S. D.

Feed
Efficiency

Mean

Balls

91.16

25.53

3.70

.93

2.70

Chains

66.08

13.32

2.65

.36

2.64

Control

73.21

7.81

3.00

.00

2.80
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FIGURE 4: AVERAGE DAILY GAIN BY TREATMENT

TABLE 4: ANALYSIS OF VARIANCE FOR AVERAGE DAILY
GAIN BY TREATMENT WITH BEGINNING WEIGHT

Variable: Average Dally Gain at Day 42
by Variable: Treatment
with: Beginning Weight

Analysis of Variance
Sum of

Mean
F

Sig of F

2.240

82.94

.0001

2

.062

2.30

.112

3.442

3

1.147

42.48

.0001

Residual

1.188

44

.027

Total

4.630

47

.099

Squares

D.F.

Beginning Weight

2.240

1

Main Effects

.124

Explained

Source of Variation

Square

Covariates

TREAT
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Physiological Measures of Stress

In experiment 2, the null hypothesis of no difference between the amount of
cortisol binding globulin (CBG) present in the pigs provided with enrichment versus
the control group of no enrichment was tested. The results for this experiment are
illustrated in figure 5a-c. A description of the variables used in experiment 2 is
provided in Table 5. Based on these results there is not enough evidence to reject
the null hypothesis of no difference.

However, figure 6 illustrates that a post hoc analysis of this data does show

a significant difference (p < .05) between the beginning, intermediate and ending
readings of CBG across all three groups.

Behavioral Measures of Stress

The analysis of variance was used to determine whether to fail to reject the
null hypothesis of no difference between the treatment groups based on the total
number of occurrences of behavioral indicators of stress. Tables 6-10 provide the
results of the statistical analysis.

The results, illustrated in figure 7, indicate that there is indeed a significant

difference (p < .0001) in the occurrences of all five of the oral manipulative
behaviors between the enriched and non enriched groups. However, there is no

significant difference in the passive sitting behavior between groups. Therefore,
the null hypothesis of no difference is rejected solely on the evidence presented in
the oral manipulative behaviors.
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GLOBULIN BY TREATMENT
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TABLE 5: DESCRIPTION OF VARIABLES USED IN

PHYSIOLOGICAL INDICATOR OF STRESS ANALYSIS

Variable: Beginning Concentration of Cortisol Binding Globulin (CBG)
(ul/ml)
by: Treatment
Treatment Group

Average CBG

Standard Deviation

Balls

1028.00

432.80

Chains

1372.23

895.02

Control

1075.55

603.78

Treatment Group

Average CBG

Standard Deviation

Balls

1757.19

775.81

Chains

2435.50

1594.09

Control

2174.89

880.94

Treatment Group

Average CBG

Standard Deviation

Balls

1155.27

459.66

Chains

1551.97

716.05

Control

1436.29

908.60

Variable: 24-Day CBG (ul/ml)
by: Treatment

Variable: 42-Day CBG (ul/ml)
by: Treatment
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TABLE 6: ANALYSIS OF VARIANCE FOR BELLY NOSING BY
TREATMENT

Variable: Belly Nosing
by Variable: Treatment

Analysis of Variance

Source

D.F.

Sum of

Mean

Squares

Squares

Between Groups
Within Groups

2

31.37

15.69

213

231.94

1.10

Total

215

263.32

Ratio
14.40

Prob.
.00001

TABLE 7: ANALYSIS OF VARIANCE FOR EAR CHEWING BY
TREATMENT

Variable: Ear Chewing
by Variable: Treatment

Analysis of Variance
Sum of

Mean

Squares

Squares

Source

D.F.

Between Groups
Within Groups

2

20.70

10.35

213

217.28

1.02

Total

215

237.98
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Ratio
10.15

Prob.
.0001

TABLE 8: ANALYSIS OF VARIANCE FOR FACE CHEWING BY
TREATMENT

Variable: Face Chewing
by Variable: Treatment

Analysis of Variance

D.F.

Source

Sum of

Mean

Squares

Squares

Between Groups
Within Groups

2

25.59

12.80

213

147.29

.69

Total

215

172.88

Ratio
18.50

Prob.
.00001

TABLE 9: ANALYSIS OF VARIANCE FOR TAIL CHEWING BY
TREATMENT

Variable: Tail Chewing
by Variable: Treatment

Analysis of Variance

Source

D.F.

Sum of

Mean

Squares

Squares

Between Groups
Within Groups

2

15.81

7.91

213

299.28

1.41

Total

215

315.09

46

Ratio
5.63

Prob.
.0042

TABLE 10: ANALYSIS OF VARIANCE FOR NUZZLE BY
TREATMENT

Variable:

Nuzzle

by Variable: Treatment

Analysis of Variance

Source

D.F.

Sum of

Mean

Squares

Squares

Between Groups
Within Groups

2

25.18

12.59

213

195.60

.92

Total

215

220.77

47

Ratio
13.71

Prob.
.00001
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None

A further interesting finding is illustrated in figure 8 which shows the significant

drop (p < .05) between the cumulative occurrence of the oral manipulative
behaviors in the first three weeks of the trial versus the last three weeks of the trial.

This finding was consistent across all three groups.
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Cumulative Oral Behaviors by Time Period
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FIGURE 8: CHANGE IN ORAL MANIPULATIVE BEHAVIORS BY
TREATMENT OVER TIME

6. DISCUSSION

The optimization of welfare with respect to intensely housed livestock
depends a large amount on providing environmental conditions which cause a
minimum of discomfort to the animal both physically and mentally.

Previous

studies by researchers have provided evidence that links the positive manipulation
of the animals environment with a positive effect in the production of the animal

measured in such ways as growth and reproductive capabilities (Schaefer et al.,
1990).

Experiment 1

Although the results of experiment 1, which looked at the effect of
environmental enrichment on the development of growing pigs, failed to yield

significant results one must take into account several confounding issues which
may have played a role in obtaining the results seen. Most obviously, the
variation in the beginning weights of the individuals used in this study must be
taken into consideration. Two of the litters were approximately 3 weeks older than

the rest of the subjects. Under normal husbandry conditions, it is optimal for all
litters to be farrowed as closely together as possible in order to ensure a more

equal weight distribution when the animals are moved to the nursery somewhere
between 4 four and seven weeks of age. As previously illustrated in table 3, the
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age difference had a significant effect on the weights of these animals.
Additionally, the choice of treatment groups most likely added to the inconsistent
findings. In an attempt to maintain as much practical application as possible, the
animals were sorted by size and weight upon entering the nursery. This put all the
animals with the weight advantage into the first two pens. Also, the treatment

groups consisted of two pens each and as such, these pens were side by side.
For this reason, all animals with a weight advantage were included in group 1.

Future studies should make every effort to include animals whose weights have
been controlled, and then the animals should be placed into treatment groups

randomly in an effort to minimize the effect of beginning weight.
When the variable beginning weight is normalized (initially it is skewed to

the right) by the trimming of outliers and then reapplied to the ANOVA model, the
beginning weight variable is still a significant covariate (p<. 0001), however, there
is also a significant main effect seen by treatment (p< .08) (Netter and
Wasserman, 1992).

Another problem that was noticed was that in order to determine feed

efficiency for each treatment group it was necessary to do this at the pen level.
This calculation was made and there was no significant difference between groups

with respect to feed efficiency. One would need to be sure that an adequate

arriount of pens are included in the study so as to see any significant differences

which might occur. The use of the pen also brings into question the idea of
changing units of analysis. All of the weight and gain data was determined at the
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level of the individual pig. Since there were 16 pigs per treatment this was enough
to determine any significant differences up to the p<.05 level. When dealing with
pens however, there are only two pens per treatment and as such not a large
enough group to determine significant differences between them.
In spite of the lack of significant findings in this trial, the results would seem
to support previous studies which indicate that environmental enrichment has a

positive effect on development (Grandin, 1988; Hemsworth and Barnett, 1991).
The results of this study certainly indicate the need for additional studies in this
area.

Experiment 2

Although there was no significant difference between the treatment groups
with respect to the presence of cortisol binding globulin, the experiment did have
the benefit of assisting in the development of the protocol for this particular assays
use in swine. Some problems were noted with the assay itself which may have had
some effect on the outcome.

At the conclusion of this particular study there

were several problems noted with the use of this technique in this application. It
must be recalled that this experiment was also an attempt to help determine the

appropriate protocol for the use of ELISA in the quantification of Cortisol Binding
Globulin in swine.

Assay conditions. Theoretically, all reactants in a ligand assay are
permitted to come to equilibrium where a steady-state exists between complexed
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and free or unbound ligand. Unfortunately, this is not always true in practice.
Minimum incubation conditions and times necessary to reach equilibrium are

seldom adhered to, usually for the sake of clinical convenience. In some cases,

the modifications of assay conditions employed are "suboptimal" and as such it is
necessary to discuss the effects of these conditions on these assays.
If the separation incubation occurs in the cold and/or for shorter times
than that used for the specific competitive binding reaction of ligand and binding

reagent, it decreases the likelihood of dissociation occurring during separation.
This may result in erroneous loss of what was previously "bound" ligand (Travis,
1979).

This may have been a problem with this particular study. A previous
study using the ELISA with rats, suggested that the required incubation time to
acquire accurate results was somewhere around 5 days. For the sake of clinical
convenience, it was determined for this study that an incubation time of 3 days

would be acceptable. For this reason, the results obtained from this study may

be questionable in the amount of bound ligand which was actually measured.
The complexing of polypeptides with antibodies will usually require longer
incubation times than will smaller nonprotein molecules such as drugs or

steroids. Since the amount of cortisol binding globulin present was being
measured in this study, this would seem to indicate that the incubation time

should not have been a problem. One should realize however, that the shorter
the incubation time, the more critical small differences in incubation times for
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partitioning become. For this reason, every effort should be made to use the

best compromise between acceptable precision and clinical needs (Travis,
1979).

Environmental factors such as pH, ionic strength, temperature and

contaminating structures must also be considered as they can cause
interference in ligand binding assays. In this study, the incubation for each stage

was done in a temperature controlled setting such as the humidified box, and/or
the refrigerator. This was done in an attempt to control for any effect that
temperature may have had.

In many instances non-specific interference may occur when organic
solvent extracts of plasma are compared to a "pure" standard which has been

dissolved in assay buffer. Because of this, careful analysis of assay linearity of
plasma extracts relative to the standards is required. In this study, no standard
curve exhibited less than a .88 on its

value.

Quality control. A prerequisite for successful performance of any assay
is a strict adherence to quality control. Some of the items which reflect quality

control are things such as specific activity of the tracer. In order to consider this
aspect, each of the plates contained six wells which contained 100% antibody
and four wells which were blank. The optical density readings of these wells

were used to determine the validity of the sample readings on each of the plates.
One of the most useful indexes for day to day interassay precision is the
use of the coefficient of variation between wells of the same sample to determine
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acceptability of a sample result. In this study, the coefficient of variation (c.v.)
chosen on the optical density was 4%. This number was chosen because, even
with a c.v. of only 4% on the optical density, the c.v.'s on the actual

concentrations could vary anywhere from 5% to 40%. For the actual analysis, in
an effort to minimize the variation in the results, only those samples with a

concentration c.v. of <20% were used (Kattesh, personal communication, 1994).
This meant that 70% of the samples were considered acceptable.

In a further attempt to control and optimize the quality of this study, a

number of pooled samples were run and used as controls or references. These
pooled samples were derived from in-house plasma samples. Their routine
measurement provides a reference with which to compare the accuracy of a
particular assay as well as inter-assay precision.

Discussion of results. The analysis of variance technique was applied
in an effort to test for differences between the amounts of cortisol binding

globulin present in each of the groups over the three sampling times. In none of
the cases was there a significant effect of treatment on the concentrations of
cortisol binding globulin. Interestingly, there was a significant effect of beginning
concentration on intermediate concentrations but not on ending concentrations.
This would seem to indicate that there is a lag effect in the body's response to
stressful situations and in order to control for the effect of the beginning

concentration on any later readings, it is necessary to have a time buffer
available.
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Although the findings of this study failed to show a correlation between

the pig's treatment group and their concentrations of CBG, there were enough
concerns with the procedure to imply the study was inconclusive. For example,

there is a discrepancy with the type of prepared plate that was used. It seems

that plates from different manufacturers will yield different results. It must be
noted however, that for the purpose of this study, the plates which were used all
came from the same manufacturer. Additionally, some minor problems with the

conjugate used in this assay have also been experienced. Until these, and
some of the other concerns are addressed, it cannot be stated that an

appropriate protocol for the ELISA as a method of measuring CBG in swine is
available.

Nor can any conclusions be drawn from the data acquired with

respect to the effect of environmental enrichment on physiological indicators of
stress in nursery pigs.

One of the more obvious problems noted was that of the variability between
wells of the same sample. Each sample had 4 of the microwells associated with it.
It was a concern that even though the coefficient of variation associated with the

optical density was as low as 4% or less, the variability noted between the actual
concentration of CBG associated with each sample could be as high as 40%. It
was also noted that the differences in variation were inconsistent with respect to

the variation of the optical density. A 4% coefficient of variation for the optical
density of one sample could produce a variation of 15% in its concentration

57

whereas the same c.v. in another sample could produce a 25% variation in
concentration.

The results seen in the post hoc analysis indicating that there is a difference

across all three groups over different time samples is as expected and lends

support to the accuracy of the results (Kattesh and Roberts, 1994).

Past

experiments would seem to indicate that animals put into a stressful situation will
have a period of adjustment over time (Lawrence and Terlouw, 1993; Mason,

1991). During this time the amount of bound corticosteroids in their blood will
increase to provide extra cortisol as needed to cope with the stress. After the
animals have acclimated to the situation however, the need for the availability of
stress hormones decreases and the levels of bound glucocorticoids returns to
what is "normal" for that animal(Hemsworth and Barnett, 1991).
Future work in this area will be needed to perfect the assaying technique

before we can expect to be capable of detecting what are perhaps much smaller
differences between treatment groups. Additional problems in the use of this

assay as an indicator of stress are the costs involved with the assay itself, not to
mention the manpower needed to obtain the necessary samples. It is mainly the
cost however, which makes this method of determining chronic stress prohibitive to
the producer.
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Experiment 3

The results of this experiment were consistent with what was expected

(Dykbjaer, 1992). The measurement of behavioral indicators of stress is not only
more economically rational to the producer but is probably overall less stressful to
the animal.

The results show a significant difference between the enriched groups

versus the non enriched in their amount of manipulative behaviors. Not only have
the occurrence of these behaviors been implicated in lowered productivity, but
also in an increase to intra-pen injuries (Van Putten and Dammers, 1976;
McGlone, 1985).

The implication of these results seems to be that a producer may readily
use the occurrence of these particular behaviors to determine whether or not his
animals are becoming unduly stressed. In the future it would be hoped that a
quantitative system of measuring the effects of this type of behavior would be
helpful in determining whether or not the animals productivity was threatened. For
example the results of this study would indicate that the pigs in the non-enriched

environment performed the oral manipulative behaviors a greater percentage of
the time when compared to the enriched pigs, 68% vs 32% respectively. In the
future the producer may have the ability to simply take some time samples on his
pens and determine the percent of time that the manipulative behaviors are
occurring. If this number exceeds 40%, the producer would know that his animals
are at risk of becoming stressed and thus may address this problem by simply
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providing more or different enrichment. What this would mean to the producer is
that 40% of every hour is spent by some pig performing some type of oral
manipulative behavior.
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7. CONCLUSION

Overall the outcomes of this experiment support the supposition that the

manipulation of the environment of an intensely housed animal may have a
positive affect on the individuals productive capacity. As producers become more
and more aware of the need for addressing the welfare issue, it is hoped that they

will be looking for more innovative and efficient methods of dealing with problems
Environmental enrichment can be extremely low-cost and can be provided
to the animals with a minimum of effort. Other studies have indicated that benefits

can be seen from the use of objects as commonplace as tires and firehose
(Grandin, 1989). Based on the results of this study, the farmer should make every
attempt to provide a source of enrichment which will also provide the animal with
the opportunity to perform a natural behavior. Although the results of the
production and physiological studies were inconclusive, there were several

significant problems noted that if addressed may cause future studies of this type
to yield significant results. The significant results of the behavior study should
certainly not be ignored. Not only will the animals overall welfare be improved, but
the producers financial benefit will improve as well.
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APPENDIX

Solutions For ELISA - CBG

1. 10X TBS

1L

4L

NaCI

87.66 g

350.64 g

Tris

24.22 g

96.88 g

2.00 g

8.00 g

sodium azide

Bring to near volume. Adjust pH to 7.4. Bring to its final volume. 1x solution is s
7.4pH

2. 10% BSA

25 g BSA
25 ml 10x PBS

Bring to 250 ml with HjO. Filter strerilize.

3. 10% Tween 20
50 ml Tween 20

Bring to 500 ml with H2O. Thouroughly rinse tween container to wash out the total
50 ml.

4. Tris Coatino Buffer

20 mM Tris

1.211 g

100 mM NaCI

2.92 g

Sodium azide

0.1

g

Bring to 500 ml. Adust pH to 8.5.
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5. Blocking Solution
100 mlof10%BSA
90 ml of lOx PBS

Bring to 1 L with water.

6. Diluent
100 ml of 10% BSA
90 ml of 10 X PBS

5 ml of 10% Tween 20

5 mg of Bromphenol blue

Bring to 1 L with water.

7. Glassware Treatment

10 ml 10% BSA

90 ml lOx PBS

Bring to 1 L with water.

8. Wash Buffer TBS-Tween
400 ml of 10x TBS
20 ml of 10% Tween 20

Bring to 4 L with water

9. Stop Solution
25gNa2 EDTA

Bring to 500 ml with water

10. lOx PBS

80.00 g of NaCI
12.07 g of Na2HP04
2.00 g of KH2PO4
2.00 g of Sodium azide
Bring to near volume and adjust pH to 6.8. Bring to final volume 1x solution is
7.4.
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